1. Introduction {#sec1}
===============

Over the last decade, converging evidence has emerged regarding links between early life trauma and alterations in brain structure and function (reviewed in [@bib45]). Indeed, a growing body of literature has provided support for the enduring effects of childhood adversity and maltreatment on stress-susceptible brain circuitry ([@bib31]; [@bib44]). Nonetheless, the exact pathways through which early life trauma influences brain development and behavior have yet to be delineated. The Adolescent Brain Cognitive Development (ABCD) Study ([@bib48]), the largest long-term study of brain development and child health in the United States, is uniquely positioned to explore relationships among stress (familial and extrafamilial, as well as environmental stressors), neurodevelopment, and psychiatric symptomatology, including substance use and addiction. ABCD Study Investigators at 21 research sites across the country are tracking the development of 11,876 children starting at ages 9--10 at regular intervals for a decade. Participants will undergo multimodal structural and functional neuroimaging; assessments of neurocognition, physical, and mental health (e.g., psychiatric symptomatology), substance use, and culture and environment (e.g., parental monitoring and family conflict); as well as biospecimen collection for hormonal, genetic, environmental exposure, and substance use confirmation (visit the ABCD Study website to view the study\'s assessment protocols <https://abcdstudy.org/>). The goal of the study is to understand the many disparate factors, such as stressful experiences and substance use, that affect brain, cognitive, social, and emotional growth and, in turn, overall health and well-being. To that end, the ABCD Study is collecting information from youth participants and their parents/guardians about stressful life events over time. Importantly, these data can be correlated with other measures such as neurodevelopment, mental and physical health, sleep, and risky behaviors throughout adolescence, as well as variables that may moderate or mediate the stress response, to better understand the relationships among adverse life events and health outcomes.

1.1. Stressors and stress responses {#sec1.1}
-----------------------------------

"Stress" is a broad term that encompasses "stressors," which refer to adverse life events (also known as environmental stressors, childhood adversity) as well as "stress responses" or behavioral and biological responses to stressors. Stressful events are not all experienced the same way, nor do they have universally negative impacts on health outcomes. Acute, short-term stressors lasting minutes or hours (e.g., being excluded from an activity during recess; anticipating the first day of school after summer break; cramming for a final exam), may be experienced differently from a prolonged stressor that persists for days or even years (e.g., chronic bullying; food insecurity), and may be associated with distinct physiological and behavioral responses ([@bib33]). Research has shown that there may be evolutionary advantages to some types of stress responses, but not others. For example, acute stress may activate "fight or flight" systems in the body associated with enhanced immune functioning. A recent study found that patients undergoing knee surgery recovered more quickly and completely if they mounted a robust short-term stress response where large numbers of immune cells mobilized to fight infection ([@bib40]). Subsequent research found that a temporary spike in cortisol levels following an induced mild stressor in rats (brief confinement to a small cage) led to a temporary boost in immune response ([@bib16]). Conversely, chronic stressors, such as witnessing ongoing violence in the family, can lead to chronic inflammation and increase the risk for autoimmune conditions and other diseases (e.g., [@bib6]). Whereas short-term stress responses may have protective value since brief stimulation of the immune system prepares the body to fight infection and flee danger, responses to severe or chronic stressors may overtax the immune system and lead to negative health outcomes, including neurobiological alterations and early mortality ([@bib9]; [@bib30]; [@bib36]).

Here, we review classes of stressors (early life adversity, mass trauma) and their potential impact on health outcomes. We then describe elements of the ABCD Study protocol that assess exposures and outcomes (e.g., psychiatric symptomatology, neurodevelopment and onset of substance use), summarize preliminary baseline descriptive data from four domains that capture exposure to stressors (family conflict, food insecurity, history of parental substance use, history of parental depression), and describe two ABCD substudies that examine specific predictors of stress responses. We conclude with a brief look toward the future of the ABCD Study.

1.2. Early life adversity {#sec1.2}
-------------------------

Extensive research has demonstrated acute and chronic effects of persistent environmental stressors on health outcomes, including immune functioning, mental health, and neurodevelopment. A range of adverse childhood experiences (ACEs), including physical and sexual abuse, witnessing a crime, parental substance abuse, prolonged absence of parent, and frequent family conflict, are associated with increased risk for premature mortality and the presence of major non-communicable diseases ([@bib36]). Different forms of early life adversity are also suggested to uniquely impact the brain both structurally and functionally, contingent upon the characteristics of the stressor, e.g. age of onset, duration and frequency of exposure ([@bib5]; [@bib45]). Moreover, [@bib25] suggest that cumulative stress is a risk factor for future psychopathology; however, impairment may result even when stress burden is not cumulative.

Stressors that may be more universally experienced in adolescence, such as perceived valuation from one\'s peers, can also impact stress burden and thus future health ([@bib33]). For example, in response to an experimental social stressor where participants gave a speech in front of a young adult viewer who evaluated their performance, female adolescents at risk for psychopathology exhibited increases in pro-inflammatory cytokines (i.e. IL-6 and IL1-b) that positively correlated with self-reported peer victimization exposure and perceived social status ([@bib21]). Long-term prospective work has shown that individuals exposed to peer victimization during childhood and adolescence display higher levels of low-grade systemic inflammation than their non-affected peers, even in adulthood, and that early peer victimization affects physical health and mental health outcomes, including internalizing (e.g., anxiety, depression) and externalizing disorders (e.g., aggression, delinquency), as well as academic achievement (reviewed in [@bib32]). In sum, the pressures of daily life, especially during adolescence, can lead to a "chronic stress burden" that is associated with poor health outcomes ([@bib34]).

1.3. Mass trauma {#sec1.3}
----------------

While traditionally studied within the immediate family and community, the impact of trauma on a large scale has been captured in response to natural disasters, acts of terrorism, and political stressors. Among nearly 400 low-income predominately African American single mothers who survived Hurricane Katrina, serious mental illness doubled, and more than half met diagnostic post-traumatic stress disorder (PTSD) criteria in response to the event ([@bib39]). This symptomatology persisted over a year after the event, and physical illness and general health also worsened during this time ([@bib39]). As this event was so widespread and catastrophic, pre-hurricane economic, social, and health resources were not significant in moderating the impact of Katrina on physical and mental health. Similar findings regarding prolonged PTSD were evident among a sample of 130 survivors of Hurricane Sandy in 2012 ([@bib42]).

Studies also have looked at the impact of large disasters on brain structure and psychiatric symptomatology. In 2003, one hundred ninety-two individuals died, and hundreds were injured as a result of arson to two subway trains in South Korea. Over five years, [@bib29] examined structural brain morphometry among thirty survivors of the trauma and thirty-six matched controls. At the time of the trauma, all survivors met diagnostic criteria for PTSD, the prevalence of which diminished to 12% in three years. Survivors demonstrated greater cortical thickness in the dorsolateral prefrontal cortex (DLPFC), a brain region implicated in fear extinction learning, than controls one year after trauma exposure. DLPFC thickness early in the course of PTSD was positively correlated with PTSD symptom reduction several years later, even though DLPFC thickness gradually normalized to the level of controls. This finding suggests that greater neural recruitment of this region early on may have led to more pronounced symptom improvements. However, because brain imaging was not done on this cohort before trauma exposure, it is difficult to rule out the possibility that DLPFC thickness was a preexisting vulnerability factor for PTSD development ([@bib29]).

1.4. Contributions of the ABCD Study to understanding impacts of adverse experiences {#sec1.4}
------------------------------------------------------------------------------------

Adverse experiences are complex and multidimensional, and can occur within the family, among peers, and at the community-level. Over 20% of U.S. children will experience two or more adverse experiences in their childhood which makes them especially vulnerable to poor health outcomes ([@bib10]). The impact of these experiences may be felt beyond the developmental years, particularly when they occur early in life or during other sensitive periods, e.g., puberty ([@bib3]; [@bib47]). There is much we do not know about how adversity affects the developing brain and cognitive, social, emotional, health and academic outcomes. The ABCD Study is uniquely positioned to examine the relationships among these variables as participants experience adolescence, and to address the question of whether some factors contribute to adjustment or maladjustment more than others. For example, the protocol includes assessments of family conflict, food insecurity, and history of parental substance use and mental illness (described in detail in Sections [2](#sec2){ref-type="sec"}, [3](#sec3){ref-type="sec"}) to gather a range of data about a child\'s exposure to adversity, both past ("have you ever experienced ...") and current. These data can then be correlated prospectively with indices of brain and cognitive development, as well as social, emotional, health, and academic outcomes. The study also will address possible indicators of vulnerability and plasticity of stress-susceptible brain circuitry, as well as potential moderating factors of chronic stress, such as social resiliency, involvement in sports and other recreational activities, and environmental factors such as neighborhood and school safety (see Section [3](#sec3){ref-type="sec"}).

2. Assessing childhood stress in the ABCD protocol -- exposures and outcomes {#sec2}
============================================================================

The ABCD protocol includes both categorical and dimensional assessment approaches (See [@bib2]) to measure exposure to ACEs and their potential outcomes. Collectively, the exposure measures capture domains from the CDC - Kaiser ACE Study -- abuse, household challenges, and neglect ([@bib18]) -- and are summarized in [Table 1](#tbl1){ref-type="table"}.Table 1Childhood stress exposure domains in the ABCD study.Table 1Adverse Childhood Experiences (ACEs) Domain[a](#tbl1fna){ref-type="table-fn"}ABCD Baseline Assessment (Parent, Youth)Description**Abuse:**Emotional abuseNot assessedN/APhysical abuseFamily Environment Scale (parent and youth); KSADS-5, PTSD module (parent)Social-environmental characteristics of family function; youth exposure to and experience of traumaSexual abuseKSADS-5, post-traumatic stress disorder module (parent)Youth exposure to and experience of trauma**Household Challenges:**Mother treated violentlyKSADS-5, PTSD module (parent)Youth exposure to and experience of traumaHousehold substance abuseFamily History Assessment; Adult Self-report (parent)Family history of psychopathology and substance use; criminal behaviorMental illness in householdFamily History Assessment; Adult Self-report (parent)Family history of psychopathology and substance use; criminal behaviorParental separation or divorceDemographics Survey (parent)Family demographics, including race, gender, family structure, SES, education and occupationCriminal household memberFamily history Assessment (parent)Family history of psychopathology and substance use; criminal behavior**Neglect:**Emotional neglectCRPBI Acceptance Subscale (youth)Youth perception of caregiver acceptancePhysical neglectParental Monitoring (youth); Demographics Survey (parent)Youth perception of parental supervision; family demographics (economic hardship, e.g., food insecurity)[^2]

2.1. Exposure to adverse childhood experiences {#sec2.1}
----------------------------------------------

The ABCD protocol ([@bib2]; [@bib49]) captures information about adverse childhood experiences at the individual, family, peer, and community levels from both the youth and parents/guardians at various timepoints of the study. At baseline when the youth are 9--10 years old, individual traumatic experiences are assessed using parent-report in the post-traumatic stress disorder module of the *Kiddie Schedule for Affective Disorders and Schizophrenia* for DSM-5 (KSADS-5). At the one-year follow-up, youth and parents/caregivers complete a self-administered computerized version of the Life Events Scale, which describes stressful experiences, and youth complete the self-administered Delinquency Scale to assess criminal/violent behavior. At the family level, demographics and family history surveys collect information from parents/caregivers about a range of experiences, such as family history of depression, or problems due to substance use, such as school expulsion, divorce, arrests, being laid off from a job, etc., as well as whether families have experienced food insecurity. Youth also complete the Family Conflict Subscale from the Family Environment Scale, a 9-item categorical assessment of perceived conflict within the family. On the neighborhood/community level, parents and youth complete the Neighborhood Safety/Crime Survey, a dimensional assessment that consists of a single question, "my neighborhood is safe from crime." Additionally, youth complete the School Risk and Protective Factors Survey, a 12-item dimensional assessment of feelings and perceptions associated with being in school, including exposure to substance use risk. See [@bib49] for more detail on the culture and environment assessments that were selected for inclusion in the ABCD protocol.

2.2. Potential outcomes from adverse childhood experiences {#sec2.2}
----------------------------------------------------------

In addition to assessing exposure to adverse experiences, the ABCD protocol includes measures that evaluate health outcomes throughout adolescence. Questionnaires from the Achenbach System of Empirically Based Assessment (ASEBA) measures are administered to obtain quantitative, multi-informant assessments of psychopathology that are normed by sex, age, and ethnicity. Specifically, parents/guardians complete the *Child Behavior Checklist* (CBCL) and teacher reports are collected using the *Brief Problem Monitor* (BPM-T) ([@bib1]). Both measures assess dimensional psychopathology and adaptive functioning. In addition, youth complete a 20-item brief version of the UPPS Impulsive Behavior Scale ([@bib15]), as well as an abridged version of the Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scale ([@bib7]; [@bib38]). These latter two measures yield dimensional assessments of impulsivity-related behavior. Finally, parents/guardians and youth complete modules from the KSADS-5 to assess symptoms of mental illness (e.g., depression, anxiety) and substance use. See [@bib2] for more information about how and why these measures were selected.

The protocol combines comprehensive characterizations of physical and mental health with state-of-the-art multimodal neuroimaging techniques. The neuroimaging protocol includes high-resolution T1-and T2-weighted magnetic resonance imaging (MRI), advanced diffusion imaging, resting state functional MRI, and task-based functional MRI (see [@bib8]). Functional neuroimaging tasks include the Stop Signal Task (SST), the Emotional N-Back (EmoN-back) Task, and the Monetary Incentive Delay (MID) Task. These tasks probe neural systems underpinning response inhibition and cognitive control, working memory, and reward processing---systems that are intricately tied to stress-susceptible prefrontal circuitry. As reviewed recently by [@bib45], several consistent findings coalesce from task-based functional neuroimaging studies of early life stress and maltreatment. First, numerous studies have reported heightened amygdala reactivity to emotional faces among maltreated individuals. Second, studies have reported decreased activation in striatal regions during the anticipation of reward among maltreated individuals. Resting state functional imaging and diffusion imaging provide opportunities to examine linkages between early life stress and alterations in functional and structural connectivity---particularly within fronto-limbic circuitry. Application of social network analysis and graph theoretical approaches to these data (see [@bib22]) will make it possible to model the influence of early life stress and maltreatment on the developing brain\'s network architecture. Given the prospective longitudinal nature of the ABCD Study, these data will undoubtedly shed light on the causal pathways linking types of early life stress to changes in brain structure and function, and, ultimately, to the emergence of stress-related psychiatric symptomatology.

2.3. Potential moderators and mediators of outcome variables {#sec2.3}
------------------------------------------------------------

The protocol also includes assessments of social support, exercise behavior, sleep quality, involvement in sports and the arts, parental monitoring and supervision, as well as electronic device usage and exposure to visual and social media---variables that may play a moderating role in the relationships among early life stress, brain structure and function, and behavior. Potential mediating variables also are assessed, including household education, income, family structure, family history of psychopathology and substance use, and environmental toxin exposure via deciduous (baby) teeth.

3. Preliminary baseline descriptive data {#sec3}
========================================

The diversity of the ABCD Study cohort makes it possible to answer a wide array of questions regarding exposure to stressors and to track potential outcomes as the participants move through adolescence into young adulthood. Summary baseline data from four domains that capture exposure to ACEs (family conflict, food insecurity, history of parental substance use, history of parental depression) reveal a range of experiences among approximately 4,500 participants at the time of their baseline visits when they were 9--10 years-old. The data come from the first (interim) annual curated data release and are available through the NIMH Data Archive website: <https://data-archive.nimh.nih.gov/abcd>. The ABCD Study is designed to include a diverse population that reflects the demographics of the U.S. ([@bib20]), however because enrollment was not complete at the time of the first data release, these data may not reflect the final cohort. The interim release includes baseline data on 4,524 participants, including 870 twins/multiples, less than half of the total enrollment of 11,876 (see [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"} for participant demographics at time of interim data release).Table 2Demographics of ABCD baseline data (n = 4,524): Participant sex.Table 2SexTotalSingletonsTwins/MultiplesACS[a](#tbl2fna){ref-type="table-fn"}Male52.4%53.3%48.4%51.2%Female47.5%46.5%51.6%48.8%[^3]Table 3Demographics of ABCD baseline data (n = 4,524): Household education.Table 3EducationTotalSingletonsTwins/MultiplesACS[a](#tbl3fna){ref-type="table-fn"}\<12th grade3.9%4.4%2.2%8.0%HS or GED7.2%8.0%4.0%18.1%Some College24.9%25.3%23.0%34.9%Bachelor\'s Degree27.0%25.5%33.6%22.0%Master\'s/Professional Degree30.1%30.5%32.6%15.1%Doctoral Degree6.0%6.3%4.6%2.0%[^4]Table 4Demographics of ABCD baseline data (n = 4,524): Participant race/ethnicity.Table 4Race/EthnicityTotalSingletonsTwins/MultiplesACS[a](#tbl4fna){ref-type="table-fn"}White58.6%55.4%72.1%52.4%Black9.7%9.6%10.2%13.4%Hispanic19.7%22.3%8.6%24.0%Asian2.3%2.7%0.46%4.7%Mixed8.6%8.7%8.0%4.2%American Indian Alaska Native0.29%0.29%0.0%0.8%Native Hawaiian Pacific Islander0.11%0.11%0.0%0.2%Other0.53%0.57%0.3%0.3%[^5]

3.1. Exposure to ACEs {#sec3.1}
---------------------

Preliminary data from the Family Conflict subscale of the Family Environment Scale and a food insecurity question provide a window into the family environment in which these first ∼4,500 participants live. The Family Conflict subscale (administered to youth) measures how family members communicate with one another during disagreements or conflict. Approximately 25% of the participants reported that their family fights a lot. About 10% said that family members sometimes throw things at each other out of anger. Over 15% said that family members often criticize each other, and 25% said that they sometimes hit each other. Ten percent said that the family makes efforts to "keep the peace" when there are disagreements ([Fig. 1](#fig1){ref-type="fig"}). For the food insecurity question of the Demographics Survey (administered to parent/guardian), 6% of parents/guardians reported at least one instance of food insecurity in the past 12 months where the immediate family needed food but could not afford to buy it.Fig. 1Family environment scale. Family conflict subscale.Fig. 1

Additional assessments describe family history of depression and substance use that can impact the family environment. [Fig. 2](#fig2){ref-type="fig"} shows the proportion of the cohort with up to 6 immediate family members with a history of depression. Approximately 24% said one biological parent has suffered from depression symptoms at some point. Five percent said that both parents have (Family History Assessment (parent); [Fig. 3](#fig3){ref-type="fig"}). Finally, the substance use questions in the Family History Assessment (administered to parent/guardian) ask about substance use in biological relatives and its impact: "Has any blood relative of child had any problems due to alcohol (drugs), such as marital separation or divorce; being laid off or fired from work; arrests or DUIs; alcohol (drugs) harmed their health; in an alcohol (drug) treatment program; suspended or expelled from school 2 or more times; isolated self from family, caused arguments or were drunk (high) a lot." [Fig. 4](#fig4){ref-type="fig"} shows the proportion of the cohort with a parent who experienced DUI, substance use treatment, separation or divorce, or work problems due to substance use. Approximately 8% said one biological parent ever had an arrest or DUI while drunk ([Fig. 4](#fig4){ref-type="fig"}a); about 5% said one biological parent ever had an arrest or DUI while high ([Fig. 4](#fig4){ref-type="fig"}b). Although we cannot speculate on the significance or the long-term impact of these experiences at this early stage, follow-up assessments will help determine what kinds of stressors confer enduring risk for negative social and health outcomes over time, as well as whether other factors moderate or mediate these outcomes.Fig. 2Family history assessment. History of depression symptomatology.Fig. 2Fig. 3Family history assessment. History of depression symptomatology.Fig. 3Fig. 4Family history assessment. History of parental problems due to substance use\*.\* such as material separation or divorce; being laid off or fired from work: arrests or DUIs; alcohol (drugs) harmed their health; in an alcohol (drug) treatment program; suspended or expelled from school 2 or more times; isolated self from family, caused arguments or were drunk (high) a lot.Fig. 4

3.2. Potential outcomes from ACEs {#sec3.2}
---------------------------------

A range of experiences define the ABCD cohort at this age. The benefit of a longitudinal design is that we can examine various outcome variables (e.g., psychiatric symptomatology, neurodevelopment, onset of substance use) as participants develop, as well as potential moderators and mediators of these outcome variables (e.g., participation in sports or the arts; social support; socioeconomic status; cognitive vulnerability). One question that could be asked, for example, is whether social support moderates the relationship between family conflict and onset of substance use. At baseline assessment, most participants reported having at least one same-gender friend (*Youth Resilience Scale*, [Fig. 5](#fig5){ref-type="fig"}). However, a small proportion (2%; n = 95) reported having zero same-gender close friends ([Fig. 5](#fig5){ref-type="fig"}b). Without the protective value of social support from their peers, these individuals could be more susceptible to long-term negative health outcomes ([@bib37]). Many other questions about the relationship between ACEs and development can be addressed by this study, such as 1) Does parental substance use predict delinquency or victimization in adolescence? Is that relationship moderated by positive environmental factors, like peer friendships, involvement in after-school activities, etc.? 2) How does early life stress lead to changes in brain structure and function, and, ultimately, to the emergence of stress-related psychiatric symptomatology? 3) What is the relationship between early life stress and neural systems underpinning response inhibition and cognitive control, working memory, and reward processing---systems that are intricately tied to stress-susceptible prefrontal circuitry? 4) Do neighborhood characteristics (e.g., crime and safety; local drug laws and policies) mediate the relationship between early life adversity and substance use?Fig. 5Youth Resilience Scale. Number of Friends (a) and Number of close Friends (b).Fig. 5

4. ABCD substudies -- examining predictors of stress response {#sec4}
=============================================================

ABCD Study investigators interested in extending the scope of ABCD Study objectives may conduct substudies of the cohort if they do not increase participant burden or otherwise interfere with the original ABCD Study design. Described below are two substudies that are conducting more in-depth assessments of exposure to specific adverse events and potential social and health outcomes over time.

4.1. Natural disaster exposure {#sec4.1}
------------------------------

The impact of mass trauma on exposed individuals can be severe and persistent and may lead to poor health outcomes later in life (see Section [1.3](#sec1.3){ref-type="sec"} for review). In September 2017, the Southeastern United States experienced the effects of Hurricane Irma, the largest Atlantic hurricane on record. This massive storm led to the largest human evacuation in American history (∼7 million people) and made landfall in the Florida Keys as a Category 4 Hurricane. The storm caused 92 deaths in the contiguous U.S., as well as extensive damage from significant flooding, storm surge, and high winds. Three of the 21 ABCD Study sites were directly affected - Florida International University (Miami, Florida), the University of Florida (Gainesville, Florida), and the Medical University of South Carolina (Charleston, South Carolina).

Before Hurricane Irma hit Florida, 545 9- and 10-year-old children and their families at the three affected sites had completed the full baseline protocol, including neuroimaging, for the ABCD Study. A substudy for ABCD was funded by the National Science Foundation RAPID grant (\#1805645) to understand how Hurricane Irma affected these youth, as well as a demographically-matched site that was not directly affected by the hurricane (University of California at San Diego; n = 335). Three-hundred eighty-seven youth and 439 of their parents at the four sites completed online surveys of their experiences during the Hurricane to assess hurricane-related traumatic exposure and evacuation stress, as well as brief screeners to assess posttraumatic stress symptoms, hurricane-related media exposure, and mood/behavior problems. Data from these participants will provide information about how variations in disaster exposure can affect structural and functional brain development, and cognitive and affective development, as well as how pre-disaster neural and cognitive factors may predict and/or moderate the effects of disasters on youth psychological responses. Preliminary results suggest that Hurricane Irma exposure predicts post-Irma PTSD symptoms among South Florida youth (r = 0.23, p \< 0.01) and that Irma-related media exposure predicts post-Irma PTSD symptoms among youth near (r = 0.31, p \< 0.001) and far (r = 0.36, p \< 0.001) ([@bib17]). As part of the longitudinal design of the ABCD Study, these same children have either completed their first annual follow-up assessments or will complete them in the coming months and will undergo repeat neuroimaging at their two-year follow-up to allow for prospective analyses. The substudy also will identify factors that promote resilience in children who experience trauma from natural disasters.

4.2. Social development, delinquency and victimization {#sec4.2}
------------------------------------------------------

The age-crime curve peaks during the critical adolescent period ([@bib28]). Deficits in brain functions that provide foundations for executive functioning and reward processing have been hypothesized to contribute to adolescent delinquency as well as accelerated substance use involvement ([@bib14]; [@bib23]). Conversely, adolescent substance use may exacerbate neurobiological vulnerabilities by disrupting the development of maturing executive control and reward processing systems ([@bib26]). While observational studies have inherent limitation in clarifying causal relationships, initiating assessments prior to the onset of significant substance use facilitates the examination of chronological sequences involving victimization, substance use, and subsequent mental and physical health consequences ([@bib11]; [@bib12], [@bib13]).

The National Institute of Justice \[NIJ: 2017-MU-CX-0044\], with additional support from the Centers for Disease Control and Prevention, is supporting a substudy, ABCD Social Development (ABCD-SD), within ABCD to advance understanding of the relationships among adolescent risk characteristics, substance use, delinquency and victimization, and brain development. Specifically, ABCD-SD will examine the extent to which premorbid brain deficits, expressed through neurocognitive and psychological dysfunction, predict delinquency and early substance use. The participating ABCD Study sites are the University of Pittsburgh \[Coordinating Center\], University of Michigan, Yale University, University of Florida, and University of Maryland-Baltimore. ABCD-SD will involve a projected total of 2,700 participants, who will be 11-12 years-old at their first substudy assessment visit.

Particularly relevant to the focus of this paper, ABCD-SD will contribute to the understanding of responses to victimization by providing a detailed evaluation covering a range of severity, and by examining effects in the context of adolescent cognitive and brain development. Childhood and adolescent victimization experiences have been found to be associated with increased substance use, with more severe traumas showing greater adverse effects ([@bib13]; [@bib41]). To understand multiple types of victimization and their potential outcomes, several subscales from the Juvenile Victimization Questionnaire (JVQ) ([@bib19]) are included in the ABCD-SD protocol: Conventional crime, Peer and sibling victimization, Peer aggression (including social aggression), Witnessing (exposure) and indirect victimization, Gun violence (including exposure), School violence and threat, and Internet victimization. The JVQ includes detailed follow-up questions to determine the circumstances and context where any victimization occurred. All the assessments are administered to both youth and parent/guardian. Youth also will complete the Peer Delinquent Behavior survey from the Rochester Youth Study ([@bib46]) to examine the influence of variations in peer characteristics on the development of delinquency and victimization in adolescence. The supplemental measures on delinquency, victimization and related risks will be collected at annual assessments.

Other issues related to delinquency and victimization may be addressed through analyses with data from the main ABCD Study. For example, information about some types of victimization, including physical and sexual abuse, are collected across all ABCD sites (see [Table 1](#tbl1){ref-type="table"}). Since parental substance use may contribute to both early victimization and substance use through multiple mechanisms ([@bib43]), consideration of environmental and genetic influences would clarify their relationship. Environmental influences on substance use initiation, such as substance use availability ([@bib27]) and neighborhood characteristics ([@bib49]), are also assessed across sites. The inclusion of monozygotic and dizygotic twin pairs will inform the examination of genetic and environmental contributions to developmental associations ([@bib24]), such as relationships among delinquency, victimization and substance use. However, the assessment of delinquency and victimization in the core ABCD assessment is limited. Expansion of data collection on these constructs strengthens the capabilities of the ABCD Study to contribute to the understanding of the development of delinquency and the factors that influence the occurrence and responses to victimization.

By providing a thorough account of delinquency and victimization over time in the context of the ABCD Study protocol, ABCD-SD will advance understanding of the interactions among substance use, delinquency, victimization, and brain development in adolescence.

5. Summary and future directions {#sec5}
================================

The ABCD Study provides opportunities for learning about the impact of stress exposures on health and other outcomes in the context of adolescent development. Understanding the relationships among these variables could lead to the development of interventions that reduce or even reverse the impacts of stressors. For example, previous studies suggest that stress-reducing interventions can alter brain morphometry. A recent study found that while poverty and unenriched environments have been associated with volume reductions in the hippocampus and amygdala, supportive parenting (in terms of emotions and behaviors) during adolescence has been shown to attenuate these disparities ([@bib4]).

Although most of the assessments in the ABCD protocol will be repeated at each annual visit, we expect that there will be modifications in response to maturation of the participant cohort, as well as advances in scientific knowledge and data collection tools. The 2-year follow-up protocol, which is administered to participants when they are 11--12 years-old, has additional measures that delve more deeply into peer relationships (including victimization), gender identity, and mobile technology (including screen time, social media use, and cyberbullying), as well as blood pressure measurements to assess hypertension.

Investigators interested in these topics can access and analyze data via the NIMH Data Archive website: <https://data-archive.nimh.nih.gov/abcd>. Fast-track data containing unprocessed neuroimaging data from study participants to date (high-resolution structural MRI, advanced diffusion MRI, resting state fMRI, and task fMRI), as well as basic participant demographics (age, sex), will continue to be released on an ongoing basis. The second annual curated data release in spring of 2019 includes baseline data from the full participant cohort, including data related to physical & mental health, substance use, culture and environment, neurocognition, and biospecimen analyses, as well as minimally processed brain image volumes and tabulated magnetic resonance imaging data.

Appendix A. Supplementary data {#appsec1}
==============================

The following is the Supplementary data to this article:Multimedia component 1Multimedia component 1

Data used in the preparation of this article were obtained from the Adolescent Brain Cognitive Development (ABCD) Study (<https://abcdstudy.org>), held in the NIMH Data Archive (NDA). This is a multisite, longitudinal study designed to recruit more than 10,000 children age 9--10 and follow them over 10 years into early adulthood. The ABCD Study is supported by the National Institutes of Health and additional federal partners under award numbers U01DA041022, U01DA041028, U01DA041048, U01DA041089, U01DA041106, U01DA041117, U01DA041120, U01DA041134, U01DA041148, U01DA041156, U01DA041174, U24DA041123, and U24DA041147. A full list of supporters is available at <https://abcdstudy.org/federal-partners.html>. A listing of participating sites and a complete listing of the study investigators can be found at <https://abcdstudy.org/Consortium_Members.pdf>. ABCD consortium investigators designed and implemented the study and/or provided data but did not necessarily participate in analysis or writing of this report. Representatives from NIDA contributed to the interpretation of the data and participated in the preparation, review and approval of the manuscript. Dr. Elizabeth Hoffman was substantially involved in all of the cited grants consistent with her role as a Scientific Officer. This manuscript reflects the views of the authors and may not reflect the opinions or views of the NIH, its affiliated Institutes, Centers or offices, or ABCD consortium investigators. The ABCD data repository grows and changes over time. The ABCD data used in this report came from NIMH Data doi:[https://doi.org/10.15154/1412097](10.15154/1412097){#intref0025}.

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.ynstr.2019.100157>.

[^1]: Contractor, Kelly Government Solutions, Bethesda, MD USA.

[^2]: All ACE questions refer to the respondent\'s first 18 years of life.

[^3]: ACS = American Community Survey: <https://www.census.gov/programs-surveys/acs/>.

[^4]: ACS = American Community Survey: <https://www.census.gov/programs-surveys/acs/>.

[^5]: ACS = American Community Survey: <https://www.census.gov/programs-surveys/acs/>.
